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Power margins have been c a l c u l a t e d  and t h e  r e s u l t s  
t abu la t ed  showing t h e  c a p a b i l i t i e s  of e i g h t  a v a i l a b l e  op t ions  
i n  t h e  conf igura t ion  of t h e  Apollo Unif ied S-Band (USB) LM 
downlink. 

The r e s u l t s  show the following: 

Frequency Modulation Modes 

-~ W r s i o n - t - r a n s I R i k t e c l  from tke-LM -erectable-  antenn-a 
t o  a DSN ( 2 1 0 ' )  s t a t i o n  a t  low power i s  expected t o  
be marginal;  however, the voice ,  51.2 kbps te lemet ry ,  
and biomed d a t a  t h a t  are t r ansmi t t ed  w i t h  it w i l l  be 
l o s t .  

Te lev is ion ,  telemetry (BER=10-4) and Ext ra  Vehicular  
Communications System (EVCS) voice w i t h  biomed d a t a  
t r ansmi t t ed  s imultaneously from t h e  LM e r e c t a b l e  
antenna t o  an MSFN (85') s t a t i o n  o r  from t h e  LM 
s t e e r a b l e  antenna t o  a DSN ( 2 1 0 ' )  s t a t i o n  i s  expected 
t o  be s a t i s f a c t o r y  only a t  high power. 

'fr 

2.  

Phase Modulation Modes 

1. Low b i t  r a t e  (1.6 kbps) te lemet ry  (BER-10-6) ,  base- 
band voice,  and key d a t a  t r ansmi t t ed  from the  LM 
s t e e r a b l e  antenna t o  an MSFN (85') s t a t i o n  a r e  a l l  
expected t o  be s a t i s f a c t o r y  even a t  l o w  power 
(ranging could a l s o  be accommodated,if r e q u i r e d ) .  

High b i t  rate (51.2 kbps) te lemetry (BER=10m6) ,  and 
normal voice w i t h  biomed da ta  t r ansmi t t ed  

2. 

s imultaneously from the LM e r e c t a b l e  
DSN ( 2 1 0 ' )  s ta t ion  i s  expected t o  be 
even a t  low power. 

(NASA-CR-1078 14) COB3UNICATICNS PERFORMANCE 
OF POSSIBLE APOLLG /LM/ USB DCWNLINK 
CONFIGURATIONS (Bellcomm, Inc.) 15 F 

00132 

antenna t o  a 
s a t i s f a c t o r y  
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MEMORANDUM FOR FILE 

In t roduc t ion  

Extended per iods  o f  l u n a r  s u r f a c e  a c t i v i t y  r e q u i r e  
optimum use  of t h e  Unif ied S-Band (USB) communications system 
t o  conserve e l e c t r i c a l  energy on t h e  LM and t o  ob ta in  t h e  d a t a  
r equ i r ed  f o r  m i s s i o n  opera t ions .  

To a i d  i n  i d e n t i f y i n g  t h i s  optimum u t i l i z a t i o n ,  
POW_-- er margins ~ ~ have been ca l cu la t ed .  The r e s u l t s  of these 
c a l c u l a t i o n s ,  tXe capaBi l i t i ; es  -0T the available options i n  ~ ~ 

t h e  conf igu ra t ion  of t h e  Apollo USB LM downlink,  are t a b u l a t e d  
i n  Tables I through 111. The margin equat ions  used i n  t h e  
c a l c u l a t i o n s  are those presented  i n  r e fe rence  1. The USB 
system parameters used i n  the c a l c u l a t i o n s  are contained i n  
Table IV.  The e i g h t  op t ions  of t h e  downlink conf igu ra t ion  
t h a t  are considered here a r e  t h e  p o s s i b l e  combinations of t h e  
following: 

1. High o r  l o w  power t ransmiss ions  from t h e  LM, 

2. LM t ransmiss ions  from t h e  steerable or  the erectable 
antenna, 

3. LM t ransmiss ions  t o  an MSFN ( 8 5 ' )  o r  a DSN ( 2 1 0 ' )  
ground s t a t i o n .  

Table I summarizes the  q u a l i t y  expected (acceptab le  
(+),  marginal ( * ) ,  and unacceptable (-1 a t  t h e  ground s t a t i o n  
of t h e  p o s s i b l e  types  of LM da ta  when t h i s  data i s  t r a n s m i t t e d  
v i a  t h e  LM downlink. Eight  poss ib l e  op t ions  i n  t h e  
conf igu ra t ion  of t h i s  downlink are presented  i n  t h e  t a b l e .  

Table I1 shows t h e  t o t a l  s i g n a l  power and t h e  s i g n a l  
t o  n o i s e  power d e n s i t y  r a t i o s  t h a t  are expected a t  t h e  i n p u t  
t o  the  ground s t a t i o n  r ece ive r  f o r  e i g h t  op t ions  of t h e  down- 
l i n k  conf igura t ion .  T h e  t o t a l  rece ived  s i g n a l  power is  
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i d e n t i c a l  i n  both frequency modulation ( F M )  modes and phase 
modulation ( P M )  modes; however, t h i s  is  n o t  t r u e  f o r  t h e  
s i g n a l  t o  n o i s e  d e n s i t y  ratios.  For t h e  F M  modes, t h e  system 
n o i s e  temperature i s  cons t an t  ( 2 1 O 0 K  w a s  used h e r e ) ,  b u t  f o r  
t h e  P M  modes t h i s  parameter i s  a func t ion  of t h e  rece ived  
carrier power, see re fe rence  1. The r a t i o  then of t o t a l  
rece ived  s i g n a l  power t o  no i se  d e n s i t y  (P / ) i n  t h e  PM 

modes i s  a func t ion  of t h e  communications mode being t r a n s -  
m i t t e d  by t h e  LM. Downlink modes 2 and 5 r e p r e s e n t  t h e  
maximum and minimum magnitude r e s p e c t i v e l y ,  f o r  t h i s  r a t io ;  
t h e r e f o r e  the t w o  e n t r i e s  i n  Table I1 f o r  (PTIKoTs ) are 
bounds on t h i s  r a t i o .  

T KoT 

Table I11 shows t h e  minimum t o t a l  rece ived  s i g n a l  
power and t h e  corresponding s i g n a l  power t o  thermal  n o i s e  
d e n s i t y  r a t i o  r equ i r ed  f o r  t h e  p o s s i b l e  types  of  d a t a  t h a t  
can  be t r a n s m i t t e d  on t h e  LM downlink i n  o r d e r  t h a t  a l l  
c o d s a k i o n s  perfcampsaptis f a c t o r i  l y  . 

p p ~ p p  

p p  p p  

Resul t s  

The r e s u l t s  obtained i n  t h i s  a n a l y s i s  are summarized 
i n  T a b l e  I. The e n t r i e s  i n  this table  are obta ined  by f i r s t  
f i n d i n g  i n  Table I11 t h e  magnitude of t o t a l  received power 
t h a t  is  r equ i r ed  f o r  t h e  selected d a t a  t o  be usab le ,  and then 
determining from Table I1 i f  s u f f i c i e n t  t o t a l  rece ived  power 
i s  a v a i l a b l e  i n  t h e  downlink conf igu ra t ion  considered.  
Although t h e  numerical  magnitudes of  t h e  power margins a r e  n o t  
conta ined  i n  Table I, they can be r e a d i l y  obta ined  i n  decibels 
by t h e  use of Tables I1 and 111. 

Conclusions 

Frequency Modulation (FM) Modes 

1. Te lev i s ion ,  when t r ansmi t t ed  from t h e  LM, is  t r a n s -  
m i t t e d  s imultaneously with te lemet ry ,  vo ice  and B i o m e d  da t a .  
When t h i s  combination (LM F M  Mode 1 0 )  i s  t r a n s m i t t e d  from t h e  
erectable antenna t o  a DSN (210') s t a t i o n  a t  l o w  power, 

a. t h e  te lev is ion  is  expected t o  be marginal ,  

b. t h e  1 . 6  kbps te lemetry i s  expected t o  be 
s a t i s f a c t o r y ,  and 

c. t h e  51.2 kbps t e l eme t ry ,  vo ice ,  PLSS s t a t u s ,  and 
biomed d a t a  w i l l  be l o s t .  
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2 .  When only  an MSFN ( 8 5 ' )  s t a t i o n  i s  avai lable ,  on ly  
t h e  e r e c t a b l e  antenna i n  t h e  high power mode will provide  
usable  EVA biomed da ta .  

Phase Modulation Modes 

The LM l o w  power mode w i l l  provide the  fol lowing 

A f u l l  PM mode ( 5 5 . 2  kbps te lemet ry  (BER=10-6) vo ice  

usab le  da ta :  

1. 
w i t h  Biomed data and ranging)  t r a n s m i t t e d  from t h e  LM e r e c t a b l e  
antenna t o  a DSN ( 2 1 0 ' )  s t a t i o n .  

2 .  Ranging, 1.6 kbps te lemet ry  (BER=10-6 ) ,  baseband 
voice  and key d a t a  t r ansmi t t ed  from t h e  LM s t e e r a b l e  antenna 
t o  an MSFN (85') s t a t i o n .  

2 0 34-NWS-mbr N. W. Schroeder 

Attachment 
Tables I t h r u  I V  
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TABLE I V  ( C o n t i n u e d )  . 

UPLINK MODES - CSM: 2 1 0 6 . 4  MHZ LM/SLV - 2 1 0 1 . 8  MHZ 

SIGNAL MODULATION SUBCARRIER PEAK CARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (MHZ) DEVIATION 

1 R a n g i n g  

2 V o i c e  

3 Command 

4 Ranging 
V o i c e  

5 R a n g i n g  
Command 

6 Ranging 
V o i c e  
Command 

7 Voice 
Command 

PM on C a r r i e r  

FM/PM 

PSK/FM/PM 

PM on Carr ie r  
FM/PM 

PM on C a r r i e r  
PSK/FM/PM 

PM on Carr ier  
FM/PM 
PSK/FM/PM 

FM/PM 
PSK/FM/PM 

30 

70 

--- 
30 
70 

30  
70 

1 . 3 4  + 0 . 1 3  R a d  

1 .85 + 0.18 R a d  

- 

- 
1.85 + 0 . 1 8  Rad 

0 . 3 8  + 0 . 0 4  Rad 
1 . 2  - +-.12 Rad 

0 . 3 8  + 0 . 0 4  R a d  
1 . 2  - +-.12 Rad 

- 

0 . 4 4  + 0.04 R a d  
1 . 0  +-0.1 R a d  
1 . 0  T - 0 . 1  R a d  

1.1 + 0 . 1  R a d  
1.1 0 . 1  Rad - 
0 . 3 8  + 0 . 0 4  Rad 8 Ranging PM on Carrier --- 

B a c k u p  V o i c e  FM/PM 70 1 . 2  +-0.12 - Rad 
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